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Figure 2.  PIV measured velocities above a) the bridge of the container ship model (step height 0.10 m),  b)
the bridge of the tanker model (step height 0.29 m),  and  c) the deck house block (step height 0.42 m).
The second experiment took place during 22
nd and 23
rd August 2000.  During this experiment the
wind speeds were measured using a Particle Image Velocimetry (PIV) system.  Although time consuming
to set up and calibrate,  this system is 2-dimensional and allows ‘snapshots’ to be taken of relatively large
areas.  Repeated snapshots were taken in order to obtain an accurate picture of the mean flow.  The
accuracy of the system depends on how well it is set up,  but comparison of the overlapping areas of pairs
of images suggested that biases in the measured wind speeds were about 2.5% or less.  During this
experiment free stream data and ‘with ship’ data were obtained alternately,  thus avoiding any problem with8
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Figure 4.  As Figure 3 but both the heights and the distance aft of the leading edge are scaled by the step
height,  H, of the appropriate model.
Comparison of Figures 3 and 4 shows that scaling all distances by the step height of the body
successfully collapses the data from all three bodies together,  and confirms the step height as the correct
scaling parameter.  It can also be seen from the Figures that the measurements of the flow over the
container ship shape are very noisy compared to those from the other shapes.  Despite this, the container
ship profiles are in general agreement with those from the other shapes except at the leading edge of the
bridge.  It is likely that the large bluff body representing the containers upstream of the bridge is
responsible for both the noise in the data and for the discrepancy at the leading edge of the bridge.  The
flow distortion over the container block, and the associated increase in turbulence,  may well extend as far11
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Figure 5.   Data from the PIV measurements of the flow above bluff bodies (symbols as in key).  The lines
indicate the fits to the data as given by Equations 2 to 4..12
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Figure 6.  The variation of the magnitude of the wind speed maxima with down wind distance.   The solid
line shows a quadratic fit to data where x/H < 1.0 (Equation 5).
                        -0.20 0.00 0.20 0.40 0.60
-0.20
-0.10
0.00
0.10
0.20
0.30
0.40
0.50
Z T f
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000
0.9000
1.0000
1.1000
1.2000
1.3000
1.4000
0.5
0.6
0.8
0.9
1.0
0.9
1.1
1.1
0.3 0.4 0.5 0.6 0.7 0.8
0.2 0.1 1.2
0.2
0.3
1.3 1.3
0.1
Figure 7.  The normalised PIV wind speed field above the bridge of the generic tanker model.  Distance are
scaled by the step height,  and the leading edge is located at z/H = 0 = x/H.  The direction of flow is from
left to right.15
closure model,  i.e. that the CFD simulations are fairly robust.  It should be emphasised that,  apart from the
apparent underestimate in the magnitude of the velocity maximum, all the CFD models correctly reproduce
the pattern of the flow.  This is confirmed by Figure 10 which compares the CFD tanker results to the
equations describing the pattern of flow distortion which were derived from the wind tunnel data (Section
2.3).
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Figure 8.  Vertical profiles of normalised velocities obtained from the three CFD models as indicated in the
key.  Data from wind tunnel experiment using the PIV system are also shown. The vertical scale is scaled
height, z/H.   Profiles are shown at distances of x/H aft of the upstream edge of the bridge.16
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Figure 9. As Figure 8b,  but overlaid with results from the CFD study of a scaled-down merchant ship (red
line).
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Figure 10.  Flow above the bridge of a generic tanker from the CFD simulations (symbols). The lines
indicate the fits to the wind tunnel PIV data as given by Equations 2 to 4.